A triazine-resistant (R) biotype of Phalaris paradoxa L. (hood canarygrass) was superior to a triazine-susceptible (S) biotype in seed-germinability and seedling emergence. It was equal or superior to the S-biotype in growth under noncompetitive conditions. Rates of CO2 uptake by Rplants were similar to those of S-plants, except at very low photon flux densities, where S-plants exhibited higher rates of CO2 uptake. Fluores (25) . Triazine resistance has been correlated to reduced binding of herbicides to thylakoids (2), in isolated chloroplasts and in whole plants. PSII mediated electron transport in chloroplasts isolated from R' plants, was virtually unaffected by s-triazines at concentrations that fully inhibit these reactions in chloroplasts from susceptible (S) plants ( 18, 24) .
Since the first report of the evolution of a triazine-resistant biotype of Senecio vulgaris (20) , many biotypes of weeds from formerly susceptible populations have been discovered to be resistant to s-triazine herbicides. The basic features of this phenomenon have been documented recently (7, 12) . Triazines inhibit light induced electron transport in chloroplasts by blocking electron flow on the reducing side of PSII. Inhibition involves binding of the herbicide to the thylakoid membrane (25) . Triazine resistance has been correlated to reduced binding of herbicides to thylakoids (2) , in isolated chloroplasts and in whole plants. PSII mediated electron transport in chloroplasts isolated from R' plants, was virtually unaffected by s-triazines at concentrations that fully inhibit these reactions in chloroplasts from susceptible (S) plants ( 18, 24) .
Resistance to triazines is maternally inherited and due to an alteration in a plastid gene product (23) . In addition to triazine resistance, this mutation results in alteration of the electron transport mechanism, which is expressed as reduced quantum yield for whole chain electron transport (3) . This reduction in quantum yield usually is cited as a reason for the decrease in photosynthetic potential and overall ecological fitness of triazine resistant weeds (1, 6, 16, 17) . When compared to plants of S- biotypes, R-plants exhibit lower rates of carbon fixation and reduced growth under noncompetitive conditions, as well as reduced ability to compete with the corresponding S-plants. Reduced vigor is regarded as an intrinsic feature of the herbicideresistance phenomenon (7) .
'Abbreviations: R, triazine resistant; S, triazine susceptible; I, PPFD, photosynthetic photon flux density; Vma,, maximal rate of electron transport or CO2 uptake; K,, photon flux density necessary for half the maximal rate; Qy, quantum yield; 9-AA, 9-aminoacridine. Several R grass weeds were recently discovered in Israel (8, 19, 27) . One of these species, Phalaris paradoxa, is a major weed in cereal crops in the mediteranean area. The results of the present study indicate that the R-biotype of P. paradoxa is not inferior to the S-biotype in photosynthetic potential, or in growth under noncompetitive conditions. This study suggests that triazineresistance is not necessarily linked to reduced plant vigor. The WI) , and permanent copies of the data were plotted on a x-y recorder.
RESULTS
The fluorescence induction curve is commonly used as a tool for selective analysis of PSII photochemical activity (11) . Illumination of a suspension of dark adapted S-chloroplasts resulted in an instantaneous ascent of fluorescence to the initial level Fo, followed by a (still rapid) rise to the intermediate F, level and by a slower increase to the maximal fluorescence intensity FM (Fig.  1 ). The rise from Fo to F, is due to the reduction of the primary acceptor of PSII, QA, while the F, level reflects the equilibration of QA with the secondary acceptor QB. The rise to FM parallels the reduction of the plastoquinone pool. Induction curves obtained with suspensions of R-chloroplasts were similar to S-type curves, except for the intermediate fluorescence level, Fl, which was significantly higher in the R-compared to the S-chloroplasts. An increase in the F, level indicates inhibition of electron transfer from QA to QB (3).
Illumination of S-chloroplasts in the presence of PSII inhibitors, either diuron or atrazine at 10 AM, resulted in a rapid rise of fluorescence to the F, level. Similar results were obtained for R-chloroplasts in the presence of diuron, but not in the presence of atrazine, which affected the induction curve of R-chloroplasts only slightly (Fig. 1) . These results, combined with earlier obser- (Table I) . Considering the whole range of physiological PPFD levels, these differences in energy conversion efficiency between the two biotypes are probably negligible.
Similar results were obtained for photosynthesis at the whole plant level (Fig. 3) . Rates of CO2 uptake were not significantly different for the R-and S-biotypes over most of the range of photon flux densities tested. Only at the lowest PPFD level, 100 ME m ited by diuron to the same extent in both biotypes (27) . Similar results obtained for other triazine-resistant biotypes, were shown to involve an alteration in PSII (3). The Chl fluorescence characteristics reported here, support a similar conclusion for the Rbiotype of R. paradoxa. Unlike most triazine-resistant broadleaf weeds which are inferior to photosynthetic potential and growth to the susceptible biotypes, the R-biotype of R. paradoxa was shown to be comparable to the S-biotype, under the described conditions, in photosynthetic potential and in growth and development. The advantage of the R-over the S-biotype in germination and emergence reported here are probably not directly related to the modification in PSII, but may contribute to the overall fitness of the R-biotype.
The inferior photosynthetic potential of R-type broadleaf weeds was attributed to the reduction in quantum yield which is associated with the alteration in PSII (3). The question therefore arises whether a similar reduction in quantum yield can be demonstrated for the R-biotype of P. paradoxa. If so, why is the photosynthetic potential and growth of the R-type P. paradoxa not inferior to the S-biotype. The intrinsic nonlinearity of light curves (e.g. Fig. 2A 24 ug Chl/ml, in a total volume of 3 ml. (17) . In addition to measurements of photosynthetic reactions, we therefore compared the growth and development of R-and S-biotypes of P. paradoxa. Table II shows that differences between the R-and S-biotypes, under noncompetitive conditions, extend to several growth stages. Seed germinability, tested under conditions resembling those of early winter in Israel, was higher in the R-compared to the S-biotype. In addition, R-plants exhibited stronger vigor at the seedling emergence stage. R-plants produced more dry matter than S-plants, and their main spike weighed more. The main spike weight was chosen as measure for seed production, because it matures early and uniformly, and is responsible for a large proportion of the total seed produced by P. paradoxa. During the course of this experiment, we also determined plant growth by nondestructive methods, i.e. by measuring plant height and tiller development. The results followed the same pattern seen in Table II (data not shown) . DISCUSSION The basic features of triazine resistance in Phalaris paradoxa are similar to those described for other plant species. Atrazine inhibits plant growth in S-but not in R-biotypes and blocks electron transport in S-chloroplasts but not in R-chloroplasts. Plant growth and electron transport in chloroplasts were inhib-KT DA represents the donor-acceptor couple of PSII, and KL and KD are the rate constants for the light-induced reaction and the dark back-reaction, respectively. KT is the rate constant for the rate-limiting step in electron transport, which determines also the rate of DA regeneration, as indicated in Eq. 1.
The rate of electron transport in this scheme depends on the photon flux density in a formally analogous manner to the dependence of enzyme-catalyzed reactions on substrate concentration. An expression for V, the rate of electron transport, is accordingly similar in derivation and form to the MichaelisMenten equation (13) . V I* Vinas K, + I (2) where I stands for PPFD, Vma, for the maximal rate expected under light saturating conditions, and K, the photon flux density necessary to induce half the maximal rate of electron transport.
At photon flux densities approaching zero (I --0), K,>> I, and Eq. 2 is reduced to V = I* Vrnav/Kl or after rearrangement, to V/I = Vma.,/K,. At I --0, V/I measures the quantum yield for electron transport. Denoting the quantum yield by Qy gives Qy = Vma/IKi, which after rearrangement becomes, K, = Vmax/Qy (3) (Note that Qy represents the relative rather than the absolute quantum yield, because I is incident and not absorbed photon flux density.) Substituting Eq. 3 into Eq. 2 yields, after rearrangement, a Lineweaver-Burk type of equation. (4) Eq. 4 and the data of Figure 2A were used to obtain the double reciprocal plot shown in Figure 2B . Data for both R-and Sbiotypes fit straight lines sufficiently close to justify the use of the outlined scheme. Qy was obtained from the slope of each plot, V,,,X. from the intercept on the y axis, and K, from the Table I . Comparison ofLight-Induced Reactions in Triazine-Resistant (R) and Triazine-Susceptible (S) Chloroplasts ofP. paradoxa Oxygen uptake, coupled to methyl viologen reduction, ATP synthesis, and percent quenching of 9-AA fluorescence were measured in parallel as described under "Materials and Methods." Other reaction conditions were as described in Figure 1 . Quenching of 9-AA fluorescence was used as a relative measure for the size of the proton gradient across the thylakoid membrane (21 (1, 5, 15, 22) . In terms of the scheme outlined above, such results indicate a decline in Vma. which is superimposed on the reduction in Q,. Subjecting, for example, the results of Figure 3 in Sims Holt et al. (22) to the same analysis as used in the present study, yields a 52% decrease in Vmax for electron transport in the R-compared to S-chloroplasts of Senecio vulgaris, in addition to a 63% decrease in Qy.
K,, the photon flux density required for half the maximal rate of electron transport, was found in the present study to be about 70% higher in R-compared to the S-chloroplasts: 164 ,uE m 2 s-' for the R-chloroplasts compared to 95 ,E m-2 s-' for the Schloroplasts. Similar differences between R-and S-biotypes have been previously documented for other species (17) , but the implications of such differences have not been clarified. According to Eq. 3, K, is proportional to V,rn,, and inversely proportional to Qy. The increase in K, in P. paradoxa was thus due to the combined effects of decrease in Qy and concomitant increase in V,,n,a. On the other hand, in those cases where both Qy and Vina, decrease in R-biotypes, effects of one parameter on K, should offset to a large degree the effects of the other. In the example of electron transport in R-chloroplasts of S. vulgaris (Fig. 3 in [22] ), the 52% decrease in Vma,x and 63% decrease in Qy resulted in only 30% increase in K, compared to S-chloroplasts. As a Chloroplasts from triazine-resistant biotypes of Brassica campestris, Amaranthuis hybridus, and Chenopodium album differ from the respective S-chloroplasts by having developed 'shadetype' characteristics: extensive membrane system with increased grana stacking, a low Chl a/b ratio, and the absence of starch grains (5, 26) . Plant adaptation to low irradiance involves considerable reduction of protein synthesis (4): Concentrations of several components of the electron transfer chain and the carbon reduction cycle, are apparently lowered to the levels necessary to process the available photon flux. R plants with lowered photosynthetic potential may have responded to the reduced quantum yield in the same manner as to a decrease in photon flux density, i.e. by lowering the level of several photosynthetic components. In terms of the model used here, such reductions should be evident as a decrease in VK,na for electron transport in chloroplasts as well as for CO2 uptake at the whole plant level; this in addition to the reduction in Qy.
Preliminary observations did not indicate any shade-type characteristics in R-type P. paradoxa. No differences were observed between R-and S-chloroplasts of P. paradoxa in grana stacking or in number of thylakoids per granum (T Yaacoby, unpublished results). These results are in agreement with the observation that no reduction in V,na, was evident in the R-biotype of this species, either for electron transport in chloroplasts, or for CO2 uptake by intact leaves.
Changes in V,,,ev may play a decisive role in determining the vigor of R-as compared to S-biotypes. A combination of reductions in Qy and in V, ,.. seems to be involved in the decrease in photosynthetic potential and growth observed in several R-biotypes. In P. paradoxa on the other hand, where the decrease in Qy is accompanied by an increase in Vmv for electron transport, the result is an R-biotype with vigor that is comparable to its Scounterpart. Similar results were recently obtained by Jansen et al. (9) with a R-biotype of C. album. The decrease in Qy seems to be an intrinsic feature of triazine resistance; differences in V,,,,, between R-and S-types are not. These seem to be due to species-specific secondary adaptation mechanisms, to whose nature we have no clue as yet, and to differences in nuclear genome between species and biotypes. In conclusion, triazine resistance is not necessarily linked to reduced photosynthetic potential and vigor.
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